The quasicrystal that we study here is a gold-aluminum-ytterbium alloy described as Au 51 Al 34 Yb 15 with a six-dimensional lattice parameter a 6d = 0.7448 nm. In Fig. 1a we present the electron diffraction pattern of our sample demonstrating 5-fold symmetry.
The quasicrystal that we study here is a gold-aluminum-ytterbium alloy described as Au 51 Al 34 Yb 15 with a six-dimensional lattice parameter a 6d = 0.7448 nm. In Fig. 1a we present the electron diffraction pattern of our sample demonstrating 5-fold symmetry.
This exhibits the characteristic feature of quasicrystals  long-range translational but aperiodic order. Owing to this quasi-periodicity, an unusual electronic state that is neither extended nor localized is expected. However, such an unusual state has not yet been observed. In the present paper, we show the Au-Al-Yb quasicrystal to present a peculiar quantum critical behaviour, which we propose to reflect this unusual state expected for quasicrystals. It becomes apparent in the present system because of strong correlations induced by the 4f electrons of Yb.
The Au-Al-Yb quasicrystal was discovered in the course of research on new series of Tsai-type quasicrystals 2 . The Yb valence was found to be intermediate between Yb Figure 1b shows the arrangement of Yb atoms in the structure model of the cadmium-ytterbium (Cd 5.7 Yb) quasicrystal 3, 4 which is isostructural with the present AuAl-Yb quasicrystal. For comparison, we illustrate the crystal structure of the approximant Au 51 Al 35 Yb 14 in Fig. 1c . The edge length of the icosahedron ranges from 0.545 to 0.549 nm. In reality, this icosahedron corresponds to the third shell of the Tsaitype cluster (Figs. 1d -h ).
In what follows, we attempt to reveal the nature of the characteristic electronic state of quasi-periodic systems by probing the 4f electrons and comparing physical properties 3 between the quasi-periodic quasicrystal and the periodic approximant. Before presenting the low temperature data, we briefly mention the high temperature results of the electrical resistivity (T) and the magnetic susceptibility (T). As shown in Supplementary Fig. S1a , both the quasicrystal and the approximant show metallic behaviour in a wide temperature range with a large residual resistivity (0), but they show different behaviour at low temperatures (inset of Supplementary Fig. S1a); whereas the approximant exhibits the conventional Fermi-liquid power-law T Let us move onto the heat capacity (Fig. 4) . For the quasicrystal, the logarithmic divergence at zero field is observed in the temperature dependence of the magnetic specific heat (C M ) divided by temperature, C M /T ∝ lnT ( Fig. 4a and inset of Fig. 4b ).
By contrast, the approximant shows no divergence ( , compared to conventional crystals and quasicrystals.
In magnetic fields, the divergence of the quasicrystal is suppressed (Fig. 4a Combining the magnetic and thermodynamic results, in the inset of Fig. 2b we plot the ratio / (where = C M /T), which is a measure of the magnetic correlation of quasiparticles. We note that the ratio is enhanced at low fields for both the quasicrystal and the approximant, suggesting the presence of magnetic correlations there.
The experimental results presented above are summarised as follows. Both the periodic approximant and the quasi-periodic quasicrystal show similar transport and magnetic properties at high temperatures. The difference becomes evident at low temperatures: whereas the approximant shows the Fermi liquid behaviour, the quasicrystal exhibits non-Fermi liquid at zero field (see also Supplementary Table S1).
We interpret this difference, the presence/absence of the divergence in  and C M /T, as the presence/absence of the critical state unique to quasicrystals with the quasiperiodicity 5 . This interpretation is supported by the robustness of the quantum criticality against the hydrostatic pressure: for crystalline materials, a perturbation such as the application of external pressure gives rise to deviation from the critical 'point'. As a result, we conclude that the present quantum criticality is associated with the unique electronic state of quasicrystal.
Finally, we discuss the implication of the robustness against hydrostatic pressure. In general, the quasicrystal critical state can be characterized by an extremely degenerate confined wave function [5] [6] [7] and singular continuous density of states 5, [8] [9] [10] [11] [12] . The robustness suggests that the critical state is also robust against pressure; this is naturally understood because the hydrostatic pressure does not change the symmetry and the quasiperiodicity. For the unusual exponents of the quantum criticality, on the other hand, there are some models that may account for the non-Fermi liquid behaviour. A valence criticality theory successfully accounts for our non-Fermi liquid exponents, as seen in Supplementary Table S1 (ref. 13 ). Although the theory assumes the crystalline materials, 6 it may get at the essence of the critical state (that is, the spatially local nature of the 4f electrons) by assuming the dynamical exponent z = ∞. This suggests the possibility that there is a general law underlying the conventional crystals and the quasicrystals, however the theory is unlikely to explain the robustness. Other theories such as the socalled Kondo disorder and Griffiths phase seem to be also excluded: see Supplementary Information for more detailed discussion. To our knowledge, there is no theory to explain the quantum criticality that is robust against hydrostatic pressure but readily destroyed by magnetic field. We hope that the present results stimulate theoretical works. 
III. Quantum criticality and non-Fermi liquid
The low-temperature exponents of the physical properties obtained in the main text are summarized in . We find the present criticality to resemble the exponents of YbAlB 4 and YbRh 2 Si 2 . The quantum criticality of these prototypical heavy fermions has been discussed based on the valence criticality model and the local criticality model.
For the present system, our criticality coincides with the valence criticality. However, this model is unlikely to account for the observed robustness against pressure.
Quasicrystals are generally distinct from disordered systems: such inhomogeneous systems do not produce a clear, sharp diffraction pattern as shown in Fig. 1a . However, our quasicrystal is not ideal and probably includes imperfections such as the chemical disorder of Au and Al around Yb. Therefore, it may be possible to relate the present quantum criticality to non-Fermi liquid behaviour due to Kondo disorder and Griffiths phase in inhomogeneous disordered system S10,S11
.
According to these scenarios, however, it is expected that the electrical resistivity increases with lowering temperature and exhibits a negative magnetoresistance: these are inconsistent with our observation as confirmed in Fig. S2a . Furthermore, the absence of the power law dependence of the specific heat (right inset of Fig. S1b ) and the robust exponent of the susceptibility against pressure, are both contrary to the disorder scenario predicting that
( is a non-universal parameter depending on the hybridization). In a microscopic viewpoint, nuclear magnetization recoveries after saturation pulses (Fig. S2b ), which were taken for the 1/T 1 T measurements, were fit by the theoretical function with a single component of T 1 in the whole temperature range measured. This suggests that the electronic state in the quasicrystal Au-Al-Yb is rather homogeneous, which is contrasted with Kondodisordered systems. As a consequence, our results are not explained by existing theories developed for crystalline materials, to our knowledge. We consider that the present 
